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Abstract In general, landscape genetic studies have
ignored the potential role that the phenotype of individuals
plays in determining fine-scale genetic structure in species.
This potential over-simplification ignores an important
component that dispersal is both condition- and phenotype-
dependent. In order to investigate the relationship between
potential dispersal, habitat selection and phenotype, we
examined the spatial ecology, body mass and fine-scale
genetic structure of weasels (Mustela nivalis) in Białowie _za
Forest in Poland. Our study population is characterized by an
almost three-fold phenotypic variation in adult body mass and
weasels were segregated in certain habitats according to size.
We detected significant genetic structuring associated with
habitat within the studied area and analyses of radio-tracking
and re-capture data showed that the maximum extent of
movement was achieved by weasels of medium body size,
whereas the smallest and largest individuals exhibited higher
site fidelity. With the unrestricted movement of the medium-
sized individuals across optimal habitat, genetic admixture
does occur. However, the presence of a barrier leads to uni-
directional gene flow, with larger individuals outcompeting
smaller individuals and therefore maintaining the genetic
break in the study area. This highlights the importance of
considering both intrinsic (phenotype) and extrinsic (envi-
ronmental) factors in understanding dispersal patterns and
ultimately, gene flow in complex landscapes.
Keywords Anthropogenic barrier  Body mass  Habitat
selection  Intra-specific competition  Microsatellites 
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Introduction
Gene flow (or lack of) between populations is influenced by a
multitude of intrinsic (e.g. dispersal ability and breeding
system) and extrinsic (e.g. landscape and environmental)
factors (Pe´rez-Espona et al. 2008). It is certainly now well-
established that both natural (Pe´rez-Espona et al. 2008) and
man-made (Frantz et al. 2010a) landscape features affect the
dispersal ability of animals and this therefore impacts upon
gene flow and the genetic structuring of populations (Manel
et al. 2003; Storfer et al. 2007). Although one of the goals of
landscape genetics is to model and detect successful dispersal
in the absence of robust field data (Goldberg and Waits
2010), this can potentially lead to the assumption that the
landscape features alone account for limiting dispersal and
therefore gene flow between populations. This may represent
an over-simplification of how individuals select for and move
in/across a landscape.
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This potential over-simplification ignores an important
component that dispersal is both condition- and phenotype-
dependent (Clobert et al. 2009). A number of extrinsic
factors dictate the decision to disperse, such as the avail-
ability of resources (e.g. food/prey, shelter and access to
mating opportunities) and fluctuating population densities
(Spear et al. 2010). Intrinsic factors also play a role, with
variation in physiological, morphological and behavioural
traits leading to different patterns of dispersal and habitat
preferences among individuals within and between popu-
lations (Clobert et al. 2009). Analysis of different species
in the same landscape can provide clues to the importance
of different traits and specific adaptation to environments
in influencing dispersal and gene flow patterns (Goldberg
and Waits 2010). However, there still remains a paucity of
studies investigating intra-specific differences (e.g. Frantz
et al. 2010b).
Body size and condition have emerged as key compo-
nents of individual dispersal strategies but not always in the
same way (Clobert et al. 2009). In some cases, larger
individuals have been found to disperse more (O’Riain
et al. 1996) but there have been other cases of the dis-
persing individuals being smaller in size (Hanski et al.
1991). However, these relationships are not always con-
sistent and can change between years, depending on pop-
ulation densities and other factors (Hanski et al. 1991).
That this has been relatively ignored in landscape genetics
studies has not gone unnoticed (Spear et al. 2010) but it can
be difficult to assess these types of relationships within
most species.
In order to investigate the relationship between potential
dispersal, habitat selection and phenotype, we examined
the spatial ecology, body mass and fine-scale genetic
structure of weasels (Mustela nivalis) in Białowie _za Forest
in Poland. Our study population is characterized by an
almost three-fold phenotypic variation in adult body mass,
similar to that found in the rest of the geographic range of
this species in Europe (King 1989; Reig 1997; Abramov
and Baryshnikov 2000). Body mass is a vital determinant
of reproductive success of male weasels, given that they
display a polygynous mating system and thus face high
intraspecific competition (King 1989). Body mass is also
inexorably linked with the rate of energy expenditures
(Speakman 2000; Zub et al. 2009), which underpins many
other traits, such as fasting endurance and cold-tolerance
that will have direct impact on individual survival and
lifetime reproductive success. Body mass also drives spa-
tial segregation, which is influenced by the effects of
weasels’ prey size, which in turn is associated with dif-
ferent habitat occupied by weasels (Zub et al. 2011). Zub
et al. (2012a) revealed that body mass was a heritable trait
and postulated that spatial differences in body mass results
from segregation of individuals of different size, which
then select habitats best satisfying their energy needs. We
could therefore expect that this may have an effect on fine-
scale genetic structure within a heterogeneous landscape.
This could lead to patterns of spatial genetic structure that
are more complex than those that would be predicted on the
basis of habitat alone. Here we investigate the interrela-
tions between habitat, spatial ecology, body mass and
genetic structure in weasels in the Bialowieza Forest,
Poland.
Materials and methods
Study area, live-trapping and radio-tracking
The study area encompassed the central part of the
Białowie _za Forest, NE Poland (23520E, 52420N),
including wet sedge marshes in the Narewka river valley,
wet meadows and abandoned fields on the Białowie _za
glade, as well as neighbouring pristine forest protected in
the Białowie _za National Park. Between 2002 and 2007
weasels were live-trapped within each area (forest, mead-
ows, eastern river valley and western river valley; Fig. 1a)
in spring (April–June), summer (July–September), autumn
(October–November) and winter (December and January–
February). From 20 to 40 traps, spaced about 50 m apart,
were placed along transects (1–2 km in length), following
fences, ditches and other linear features of landscape,
mostly preferred by weasels (Je˛drzejewski et al. 1995).
Each trapping session lasted for 5–7 days. The number of
trapping sessions within each season varied from one to
three, according to weather conditions and the density of
weasels. When the abundance of animals was low, we
restricted trapping effort to one long session in each season,
as there were no new weasels during successive trappings
events. All weasels were individually marked and results
from Capture-Mark-Recapture models indicated that we
were able to capture and genotype most individuals from
the studied area (Zub et al. 2008, 2011).
Weasels were handled, marked and radio-tracked
according to the procedure described by Je˛drzejewski et al.
(1995). The position of tracked animals was recoded every
15 min during the daylight hours, on several consecutive
days. Bearings were taken from a distance of 50–100 m, to
avoid disturbance by the observer. Weasels are not active
during the night (Je˛drzejewski et al. 2000), so only occa-
sionally we checked the position of animals after sunset
and before sunrise. From autumn 2002 until winter
2007/2008, we captured and genotyped 164 individuals (40
females and 124 males). Over the same period we radio-
tracked 60 animals. These were followed for a relatively
short period (on average 14 days, range 2–51 days) during
one season, but we repeated observations for the same
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individuals in different periods. After each radio-tracking
session weasels were captured and radio-collars were
removed. The total time of observation for radio-tracked
individuals averaged 76 days (2–356 days). Among the
radio-tracked weasels there were only two females. For 27
(10 females and 17 males) individuals we collected data
only from trapping. For this group the mean time between
most distant trapping occasions was 59 days (4–193 days).
The remaining 77 weasels were captured only once, or
were found dead (seven individuals), mainly in small
mammal traps.
Body mass measurements
Weasels are characterised by very high repeatability in
body mass measurement (Szafran´ska et al. 2007). Each
animal was weighed to the nearest 0.1 g prior to metabolic
trials in the laboratory (see Szafran´ska et al. 2007). This
measurement of body mass was usually slightly higher than
the body mass determined immediately after capture. In
some cases only a single measurement was taken after
capture (when found dead for instance), but both measures
were highly correlated (Szafran´ska et al. 2007).
Built-up Area
Cultivated Grassland
Grassland
Forest
Roads
Water Bodies
River Valley East (RVE)
Meadow (MDW)
River Valley West (RVW)
Forest (FOR)
A
Cluster 1
Cluster 2
Admixed
B
River X
Palace Park
STRUCTURE
1 km
N
Fig. 1 Capture locations of
individuals and population
assignments (a). Landscape
features shown schematically,
modified from GIS layers. River
X and Palace Park indicated
(see ‘‘Discussion’’). Individuals
coloured according to
STRUCTURE assignments at
K = 2 (B). Strongly assigned
individuals (Pr C 0.8) in red
and blue to corresponding
clusters, admixed individuals
(0.5 \ Pr \ 0.8) in yellow.
(Color figure online)
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Genetic analyses
DNA was extracted from tissue samples using the Qiagen
Genomic DNA Extraction Kit (Qiagen Ltd.) according to
the manufacturer’s protocols, and then diluted to approxi-
mately 10 ng/ll. All individuals were genotyped at 10
microsatellite loci (Mer0005, Mer0009, Mer0022, Mer0082,
Mvi1321, Mvi1381, Mvi1843, Mvis0002, Mvis0022 and
Mvis0072; O’Connell et al. 1996; Fleming et al. 1999;
Vincent et al. 2003) according to the PCR protocol descri-
bed in Zub et al. (2012a).
Weasels are typified by high site fidelity in the study
area (Zub et al. 2008) so individuals were grouped into four
‘populations’ within the study area based on capture
locations: Forest (FOR); Meadow (MDW) and River Val-
ley East (RVE) and River Valley West (RVW; Table 1;
Fig. 1a) for population level analyses. FSTAT 2.9.3
(Goudet 1995) was also used to estimate the inbreeding
coefficient, FIS, for each population with significance lev-
els calculated by randomizing alleles among individuals
within each population. We then compared this to the
observed data to determine deviations from Hardy–Wein-
berg Equilibrium (HWE), using 10,000 simulations. Tests
for linkage disequilibrium between all pairs of loci were
carried out. Expected heterozygosity (HE; Nei 1978) and
allelic richness (AR) for each population was calculated
(Table 1).
Pairwise FST (Weir and Cockerham 1984) was calcu-
lated between populations and significance was determined
using 10,000 simulations in FSTAT. Pairwise comparisons
were corrected for Type I errors using sequential Bonfer-
roni corrections (Rice 1989). Individual-based clustering
analysis was first conducted in STRUCTURE v. 2.3.2
(Pritchard et al. 2000; Falush et al. 2003). STRUCTURE
was run using the default settings with the admixture
model. Ten independent runs were preformed for each
K value (1–10) using 500,000 iterations with a burn-in
period of 100,000 iterations. The number of clusters
(K) was first calculated by obtaining the mean posterior
probability of the data [Log probability of data; Ln P(K)]
over the 10 independent runs (Fig. S1). Because of the high
number of related individuals in the dataset (Zub et al.
2012a) and the potential for STRUCTURE to overestimate
the true K value in these situations (Berry et al. 2004; Bergl
and Vigilant 2007), we applied the DK method (Evanno
et al. 2005), determined by STRUCTURE HARVESTER
(Earl and vonHoldt 2012), to estimate the number of
clusters based on the rate of change in the log probability of
data between successive K values (Fig. S1). We used
CLUMPP v. 1.1.1 (Jakobsson and Rosenberg 2007) to
determine membership probability to clusters across the 10
runs with a Greedy algorithm and 10,000 random permu-
tations. Individuals were considered as belonging to a
particular cluster if their assignment probability was high
(Pr C 0.8; Bergl and Vigilant 2007; vonHoldt et al. 2010)
and were considered as ‘admixed’ for inconclusive
assignments (0.5 \ Pr \ 0.8). Visualization of individual
assignments to clusters per population (see ‘‘Results’’) was
performed in DISTRUCT v. 1.1 (Rosenberg 2004).
In our second individual-based analysis, we incorpo-
rated the capture location of each weasel, using the spa-
tially-explicit software TESS v. 2.3.1 (Chen et al. 2007).
TESS was run using the MCMC algorithm with the
admixture model. We first used three initial starting values
for the interaction parameter, which represents spatial
interactions (w = 0.6; 0.75 and 0.9) to select the optimal
interaction parameter using likelihood (w = 0.6). Next, ten
independent simulations were performed for each K value
(2–10) using 50,000 iterations and a burn-in period of
10,000 iterations to identify which K values produced the
highest likelihood runs (Kmax). We then conducted 100
simulations for each Kmax and estimated membership
probabilities were calculated from the 20 highest likelihood
simulations for each Kmax (Chen et al. 2007; McDevitt
et al. 2009). Membership assignment to clusters was
determined in CLUMPP as described above.
Given the polygynous mating system of weasels, sex-
biased dispersal was tested using five different tests
(Goudet et al. 2002) available in FSTAT using the pre-
defined populations: FIS, FST, relatedness, mean Assign-
ment Index and variance of Assignment Indices (see
Lampert et al. 2003 for a brief explanation of using each
test in relation to sex-biased dispersal).
Body mass, habitat, spatial and genetic structure
relationships
Data exploration and linear modelling with residual based
model validation (using R) was used to investigate whether
variation in weasel body mass could be explained by the
habitat type of an individual’s location of capture (River
Valley, Forest or Meadow), or by its assignment to a
genetic cluster as designated by STRUCTURE. Data
exploration indicated substantial differences between male
Table 1 Summary of genetic diversity statistics for each population
(see Fig. 1a for population name abbreviations)
Population N FIS AR HE
FOR 17 0.024 7.669 0.777
MDW 78 0.030 7.510 0.769
RVW 28 0.042 8.021 0.812
RVE 41 -0.031 6.801 0.756
N number of individuals per population, FIS inbreeding coefficient,
AR allelic richness corrected for the smallest population size, HE
expected heterozygosity
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and female body mass, as well as sex-dependent associa-
tions between body mass and explanatory variables; as
such the two sexes were modelled separately. To allow
negative values in accordance with the assumptions of
linear regression, body mass was centred by subtracting
from the mean, for males and females separately. The
explanatory variables STRUCTURE and habitat type were
found to be collinear, resulting in substantial changes in
parameter estimates if either variable was dropped. As this
collinearity was central to the questions being addressed,
relationships between the two variables and body mass
were modelled separately, and the interactions between the
two explored to make biological inferences on the inter-
relations of body mass, habitat and genetic structure.
We analysed the relationship between body mass and
site fidelity in weasels. As dispersal can be difficult to
measure directly in short-lived animals such as weasels, we
used the maximum extent of movement as a measure of
tendency for dispersal (Niitepo˜ld et al. 2009). Weasels are
non-territorial and will settle in an area with an adequate
food supply, moving on if food becomes scarce (Zub et al.
2008). We collected data on the extent of movement for 86
different weasels (12 females and 74 males). Our estimates
were based on radio-tracking combined with trapping (59
individuals) or on trapping only (27 individuals). In both
cases we used the maximum linear distance between the
two most remote points obtained from radio-tracking or
trapping. We also estimated the time elapsed between these
two records. For visualization purposes, 100 % Minimum
Convex Polygons (MCPs) were calculated to indicate
movement and habitat type use during the data collection
period.
To estimate the maximum extent of movement in rela-
tion to body mass, we used a quantile regression (Koenker
2005), fitting data with linear functions for different s
values. Quantile regression is a natural extension of clas-
sical least square regression and is particularly useful for
defining limiting effect of covariates by constructing
models for upper quantiles of the conditional distribution
(Koenker 2005). The significance and standard errors for
estimated coefficients were calculated by bootstrapping.
We evaluated the fit of linear models to our data using
F statistics (ANOVA). We used the extent of movement as
a dependent variable and habitat type, gender, time elapsed
between records and source of data (radio-tracking or
trapping) as predictors. To visualise the relationship
between body mass and the extent of movement, we used
values of body mass corrected for the effect of habitat type
and gender (residuals from linear model). To avoid a
possible bias resulted from smaller body mass and less
movement of females, and because males are the dispersing
sex (see ‘‘Results’’), we repeated analyses using data col-
lected only for males.
Results
Genetic structure
No evidence of linkage disequilibrium or significant devi-
ation from HWE was found (Table 1). Measures of genetic
diversity were highest in the RVW and lowest in the RVE
populations (Table 1). Pairwise FST revealed that RVE was
significantly differentiated from all other populations
(Table 2). However, no significant differences were
observed between the other populations.
Bayesian analysis in STRUCTURE revealed a plateau at
K = 2 and another at K = 5 (Fig. S1). Individual assign-
ment bar plots of both K values in relation to the pre-
designated populations are shown in Fig. S2. However, the
DK method (Evanno et al. 2005) revealed a clear peak at
K = 2 (Fig. S1). Spatially explicit analysis in TESS
revealed 3 distinct clusters, largely in agreement with the
clusters identified by the DK method in STRUCTURE (Fig.
S3). Because we are primarily interested in habitat asso-
ciations that do not necessarily correspond to the spatial
proximity of individuals, we shall only focus on the results
obtained from STRUCTURE for the remainder of this
paper. Individuals strongly assigned (Pr C 0.8) to Cluster 1
were mainly found in the eastern River Valley (Fig. 1b),
with strongly assigned individuals from Cluster 2 mainly
located in the Forest/Meadows. The western River Valley
was the prime area of admixture, with most individuals
being of mixed ancestry (Fig. 1b).
Dispersal was biased towards males in all tests (Table 3)
but only tests using FST and relatedness as measures were
significant after Bonferroni correction.
Body mass and spatial ecology
Neither habitat type (F = 1.14; P = 0.33) or STRUC-
TURE assignment (F = 1.14; P = 0.33) explained sig-
nificant variation in the body mass of female weasels. In
contrast, both habitat type and STRUCTURE assignment
Table 2 Pairwise FST values between populations (lower diagonal)
and corresponding significance value after Bonferroni correction
(P = 0.00833; upper diagonal)
Population FOR MDW RVW RVE
FOR NS NS *
MDW 0.0006 NS *
RVW 0.0037 0.0061 *
RVE 0.0561 0.0600 0.0274
NS not significant
* Significant
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explained significant variation in the body mass of male
weasels (Fig. 2a, b). Males from river valley habitats
(n = 53) were larger than those from the forest (n = 9;
b = -21.1; SE = 6.8; P = 0.002) and from meadows
(n = 63; b = -9.45; SE = 3.3; P = 0.005). Males from
meadows were not significantly larger than those from the
forest (b = -11.7; SE = 6.7; P = 0.085). Male weasels
assigned to Cluster 2 by STRUCTURE (n = 39) were
significantly smaller than those assigned to both Cluster 1
(n = 43; b = 10.6; SE = 4.0; P = 0.010) and the
Admixed group (n = 42; b = 9.4; SE = 4.0; P = 0.019).
There was no significant difference in body mass between
males assigned to Cluster 1 and the Admixed group
(P = 0.78).
Visualization of home ranges (100 % MCPs) and
movements between trapping locations can be seen in
Fig. 3. The majority of movement occurred between MDW
and RVW along the unnamed river indicated (River X;
Figs. 1a, 3). The time elapsed between the two records and
source of data did not have a significant effect on the extent
of home ranges in weasels (t = 0.24, P = 0.80 and
t = 0.55, P = 0.592, respectively). Simple linear quantile
regression for s = 0.95 demonstrated that the extent of
home range significantly decreased along with increasing
body mass (t = -2.24, P = 0.03). The model, which
included quadratic and cubic terms of body mass, fitted the
data significantly better than the model with linear terms
only (F1,78 = 4.23, P = 0.02). This means that the maxi-
mum extent of movement was achieved by weasels of a
medium body size, whereas the smallest and largest indi-
viduals exhibited higher site fidelity (Fig. 4). According to
the linear model, the maximum movement extent of males
significantly decreased along with increasing body mass
(t = -2.36, P = 0.02), but again the model with quadratic
and cubic terms of body mass fitted the data significantly
better (F1,67 = 14.49, P \ 0.001; Fig. 4).
Discussion
An implicit assumption of landscape genetics studies
hitherto is uniformity in how individuals move or disperse
across the landscape. However, it has also been recognized
that individuals display variation in their likelihood/ability
to disperse (Clobert et al. 2009; Spear et al. 2010), which is
dependent on both internal state and external factors. For
instance, variation in a single gene in the Glanville fritillary
butterfly (Melitaea cinxia) was linked to flight physiology
and therefore dispersal behaviour, demonstrating dispersal
variability amongst individuals in the same environment
(Niitepo˜ld et al. 2009). In this study, we present evidence
from a fine-scale study of weasels demonstrating that
phenotypic variation associated with certain environments
is an important factor in influencing movement/dispersal
patterns and consequently potential gene flow in a heter-
ogenous landscape. While we certainly accept that weasels
in our study area are an extreme example of phenotypic
variation over such fine spatial scales (males showing
three-fold variation in body mass in the study area), our
study serves as a caveat for landscape genetic studies
assuming that all individuals of a population/species move,
select habitat or disperse in the same way.
Analyses of genetic structuring within the area revealed
the presence of two distinct genetic clusters (Figs. 1b, S2).
FST analyses revealed that only the eastern part of the river
valley showed significant genetic separation from the other
populations (Table 2). Bayesian analysis in STRUCTURE
clearly pointed to the presence of two clusters (Figs. S1,
S2), with most strongly assigned individuals in each cluster
broadly found in the eastern river valley RVE (Cluster 1)
and in the forest/meadow FOR/MDW (Cluster 2). In gen-
eral there was a much lower proportion of individuals from
Cluster 1 present north of the village of Białowie _za
(Fig. 1b) than south of it. Areas of human occupation and
development are certainly known to act as barriers to dis-
persal for many species (e.g. Sackett et al. 2012). The
village of Białowie _za is unsuitable for many reasons,
mainly due to high predation risk (domestic cats Felis
domesticus; stone martens Martes foina; and polecats
Mustela putorius in winter) and a low abundance of suit-
able prey (Je˛drzejewska and Je˛drzejewski 1998). The
greatest point of admixture was found in the western river
valley RVW and the adjacent MDW, suggesting that it is
this area in particular where both clusters come into contact
(Fig. 1b), resulting in the generally higher levels of
diversity being found in RVW (Table 1).
Table 3 Tests for sex-biased dispersal with corresponding P values
N FIS FST Relatedness Assign. mean Assign. var.
Females 40 -0.0167 0.0817 0.1533 0.60882 6.99071
Males 124 0.0147 0.0281 0.054 -0.19639 14.65213
P value 0.1798 0.0002* 0.0002* 0.0789 0.0136
NS not significant
* Significance after Bonferroni correction
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We observed no differences in the body mass of females
between habitats and given that, as expected, dispersal was
sex-biased towards males (Table 3), we shall focus on
males for phenotype–habitat associations. Measures of
body mass in male weasels indicated a great deal of vari-
ability in the study area (Fig. 2a). It was found that weasels
occupying the river valley were significantly bigger than
those in the meadows, which in turn were bigger than those
occupying the surrounding forest (Fig. 2a). In the latter
case the difference was only close to statistical signifi-
cance, though the low statistical power due to relatively
few animals having being captured in the forest should be
kept in mind. This was confirmed when assigning indi-
viduals to the STRUCTURE designations, no difference
was found between the Admixed and Cluster 1 (the two
assignments found predominantly in the Narewka river
valley) but both differed from Cluster 2 (Fig. 2b). There-
fore, we can clearly confirm that weasels of varying sizes
are distributed non-randomly in this area (Zub et al.
2012a). Although our study was conducted over a limited
period of time (2002–2008), Zub et al. (2011) demon-
strated that this level of spatial segregation in male weasels
of differing body mass has been ongoing over the last
50 years. Therefore, it is clear that this segregation is being
maintained and the key to understanding how this happens
lies in knowing how these individuals of differing sizes
move and select for habitat across the landscape.
It was found that larger individuals and smaller indi-
viduals moved less within the study area (Fig. 4), showing
higher site fidelity than those of intermediate size. Larger
individuals were generally found in the river valley, which
is considered optimal habitat for weasels (Zub et al. 2008,
2011) because they offer large and easily accessible prey
such as the root vole Microtus oeconomus. In the past, the
number of weasels in the river valleys of the Białowie _za
Forest was much lower, because they were outcompeted by
the stoat Mustela erminea (Sidorovich et al. 1996). The
appearance of an invasive predator, the American mink
Mustela vison, has caused declines in stoat populations,
simultaneously releasing weasels from competition with
the stoat (Sidorovich and Solovej 2007). This has lead to
increased numbers of weasels in the river valleys, as
indicated by regularly performed snow tracking (Sidoro-
vich et al. 1996; Zub et al. 2008). In the forest, the main
prey species are bank voles Myodes glareolus and yellow-
necked mice Apodemus flavicollis which are small and
agile prey (Zub 2004) and perhaps more suitable for
smaller weasels. Weasels of intermediate size moved sig-
nificantly more in the landscape than both small and large
individuals (Fig. 4), indicating an increased plasticity in
their ability to move to and utilise different habitats.
Radio-tracking and recapture data revealed that most of
the movement between habitats occurred in the RVW-
MDW area (Fig. 3), with River X acting as a corridor
between the habitats (Fig. 1a). During activity periods,
weasels select for moist or wet areas (Zub et al. 2008) so
this would represent an ideal dispersal path to move
between MDW and RVW. This would also certainly
explain the large amount of genetic admixture in the area
(Fig. 1b). However, there is comparatively little admixture
on the east side of the river valley (RVE). This is due to a
number of related factors. Two important factors affecting
the number of weasels in the river valley are periodic
flooding and cyclic changes of prey availability (Zub et al.
2008, 2012a, b). The floods in the Narewka river valley
may persist until mid-May and occasionally longer, limit-
ing the space available for both weasels and their prey, or
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Fig. 2 Body mass of male weasels according to the habitat type in
which they were captured (a) and the three genetic cluster assign-
ments determined by STRUCTURE (b)
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even completely wiping out all animals. The re-colonisa-
tion of abandoned areas by small mammals is dependent on
the extent of flooding and the availability of suitable hab-
itats in the closest vicinity to the river valley (Wijnhoven
et al. 2006). In this respect RVE and RVW differ
considerably. The eastern part of the Narewka river valley
is squeezed between human settlements or arable land
(Fig. 1a), both habitats of which are less suitable for
weasels (Brandt and Lambin 2005; Zub et al. 2008) and are
lacking in alternative prey. In consequence, weasels are
only able to colonise RVE from the east, where huge
marshes stretch along the Narewka river into neighbouring
Belarus. In contrast to RVE, weasels inhabiting RVW are
able to find alternative prey in neighbouring forest and
meadows (where the rodent population is driven by dif-
ferent mechanisms; Pucek et al. 1993; Zub et al. 2012b)
because there are no barriers to weasel movement/
dispersal.
The barrier effect however, plays an important role in
maintaining the genetic break between RVE and RVW.
The village clearly acts as a barrier (see above) but there is
a potential route between the human settlements through
the Palace Park (Fig. 1a). This is generally considered
unsuitable habitat, but recaptures and genetic data suggests
that dispersal does occur across this area (one large male
was re-captured in RVW after having being originally
caught in RVE in 2004; Fig. 3). Admixture in RVW
demonstrates that at least some gene flow occurs but this
appears to be unidirectional (Fig. 1b). If prey becomes
unavailable for one of a multitude of reasons in RVE, then
weasels may be driven west to find alternative food sour-
ces. It is generally larger individuals found in RVE so they
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Fig. 3 Radio-tracking and re-
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Fig. 4 Relationship between the maximum extent of movement
(m) and body mass (corrected for effect of habitat type and gender)
for males weasels. The upper line (maximum extent of movement)
was fitted using quantile regression (for tau = 0.95). The data was
fitted using the polynomial function of 3rd order
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would have no problem thriving in RVW. The opposite
situation however does not occur. Unrestricted movement
occurs between MDW and RVW, which would support the
extensive admixture in the west river valley because of the
large-scale movement between the habitats, but the Palace
Park acts as a filter, with few individuals dispersing
through it. Observations of aggressive behaviour between
radio-tracked individuals showed that larger males always
displaced smaller individuals (Zub 2006). Therefore, the
few smaller individuals in RVE would be easily outcom-
peted for resources and mates (Pertoldi et al. 2006),
allowing the observed genetic structure to be maintained
between RVE and RVW. This again highlights the
importance of individual phenotypic variation in deter-
mining fine-scale genetic structure in weasels when a
barrier is present.
Weasels clearly differ in their tendency to disperse and
settle in certain habitats, depending on both internal and
external factors. Body mass is a heritable trait in weasels
(Zub et al. 2012a) and individuals select habitats that best
suit their energy requirements, outcompeting other, less
suited individuals for resources and mating opportunities.
When this is coupled with an anthropogenic barrier, it may
lead to a more pronounced effect, which may have direct
consequences for contemporary evolution and phenotypic
change of weasels in this region (Hendry et al. 2008). Body
size changes can be dynamic over time and habitat frag-
mentation can lead to a more rapid response (Schmidt and
Jensen 2003). A potential drawback is that this study was
conducted over a limited area (Anderson et al. 2010) and it
would be interesting to examine the questions addressed
here at a larger scale and incorporating more samples,
particularly in neighbouring Belarus. It is worth noting that
in a large-scale study of weasels in a phylogeographic
suture zone, the distribution of mitochondrial lineages were
associated with habitat types linked to climate (McDevitt
et al. 2012). It would also be beneficial to see if the pattern
we report in this study area is replicated elsewhere in its
range (Frantz et al. 2010b; Short Bull et al. 2011).
The results of this study clearly have implications
beyond understanding fine-scale genetic structure in wea-
sels. It is well established that individuals vary in their
dispersal ability (Clobert et al. 2009; Niitepo˜ld et al. 2009)
but this is difficult to measure. Here we have demonstrated
how phenotype influences dispersal and settlement with
direct effects on gene flow. This has important implications
for landscape genetic studies, particularly those with the
ultimate goal of conserving and establishing better con-
nectivity between populations. We would recommend that
a consideration of all the intrinsic and extrinsic factors that
can shape the microevolutionary process is required to
properly assess the main drivers of genetic structuring in
natural populations.
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